Qualitative and quantitative changes of rabbit sperm were observed during frequent ejaculation. Semen volume, sperm concentration, percentage of motility, and fertility index of Farris (FI) decreased with frequent ejaculation, and these values recovered to initial levels after a 24-day abstinence period. A remarkable change was found in the sperm distribution profile in Percoll density gradients after equilibrium sedimentation. The main peak of sperm was shifted from fraction number 4 on the first day of ejaculation to number 7 on the fifth day. Fraction numbers 1-4 showed a high percentage of motility, whereas the sperm motility from fraction numbers 7-10 was quite low. Motile and morphologically mature sperm had higher apparent density than immotile or immature sperm. This suggests that rabbit sperm motility might be related to the apparent density of the sperm cell.
INTRODUCTION
Mammalian spermatozoa are produced in the testis as highly differentiated but functionally immature cells. Spermatozoa undergo a series of posttesticular developments involving alterations in their metabolism, composition, and structure [3] , and an increase in their apparent density [ 101 during epididymal transit. These changes, termed "maturation," yield motile spermatozoa capable of fertilizing oocytes. The development of the potential for motility is associated with an increase in sperm cyclic AMP levels [7] and the binding of forward motility protein to sperm [8] during epididymal transit.
Various parameters such as semen volume, sperm concentration, total sperm count, sperm morphology, sperm motility, and sperm penetration into zona-free hamster oocyte have been employed to estimate semen quality [ 11. Mature sperm with forward motility are considered to contribute to fertilization. However, the ejaculated semen contains not only mature sperm with good forward motility but also immature, immotile, and agglutinated sperm. The fertilizability of semen is expressed by Farris's fertility index (FI) (semen volume x sperm count x percentage of motility) [5] . To estimate the fertilizability of sperm more precisely, motile sperm were isolated from the ejaculated semen using Percoll density-gradient centrifugation.
In the present study, the influence of frequent ejaculation on rabbit semen qualities were examined by the equilibrium sedimentation in continuous Percoll density gradient.
MATERIALS AND METHODS
Rabbit Semen. The semen specimens were ejaculated from six Japanese white rabbits by an artificial vagina. An abstinence period of 30 days preceded the first ejaculation. The first ejaculate is referred to as the control. Semen specimens were obtained from each rabbit every 24 h for 5 days. After the fifth ejaculation, an abstinence period of 14 days was observed until the collection of the next semen samples. Then, after the sixth ejaculation, there was another 14-day abstinence period.
Sperm concentration was determined using a hemocytometer. Semen volume was determined with messcylinder. Sperm motility was recorded on video tape using a phase contrast microscope and a video system. The stage of the microscope was kept at 37 "C. The percentage of sperm motility was calculated by the following equations: percentage of sperm motility = (number of forward motile and submotile sperm)/(number of sperm in the view area) x 100.
Percoll Densin. Gradient Centrificgation of Rabbit Sperm. The isotonic Percoll stock solution was prepared by adding 1 vol of 0.1 M HEPES-NaOH containing 1.5 M NaCI, pH 7.4, to 9 vol of Percoll. The resulting solution (90% Percoll) was further diluted with 10 mM HEPES-buffered HANKS solution containing 4.5 mg/ml of BSA (FrV), pH 7.4, to give 70% solution containing 1 mg/ml of BSA in final concentration. 
Chemicals. Percoll and Color Density Marker

RESULTS
The quantitative changes in semen qualities during the frequent ejaculation are shown in Fig. 1 . Semen volume and sperm concentration showed an obvious decrease with frequent ejaculation, reaching 10% and 15% of the initial levels, respectively, on the fifth day. Sperm motility was once decreased to 30% on the second day, but recovered to 65% on the third and fourth day, and then decreased 10% on the fifth day. Farris index fell to 6 % of the initial level on the second day and diminished to only 0.2% on the fifth day. Even after 14-days' abstinence from the last ejaculation, semen volume, sperm concentration, and sperm motility recovered to 50% of the initial levels, whereas FI remained at 20%. It required 28 days to obtain a complete recovery of all the parameters examined after daily ejaculation for 5 days.
To evaluate the quantitative changes of sperm cells during frequent ejaculation, the apparent density of the sperm population was observed by means of equilibrium sedimentation in Percoll density gradients. Figure 2 summarizes profiles of equilibrium sedimentation of rabbit sperm during and after frequent ejaculation. In the first ejaculate motile and morphologically mature sperm were found in fraction numbers 1-4 with higher apparent cell densities (Fig.  3A) . whereas immotile or immature sperm were obtained from fraction numbers 7-10 ( Fig.  3B) .
in this ejaculate the main peak of sperm distribution was found in fraction number 4 and approximately 80% or more motile in fraction numbers 1-4. On the third day the peak was moved toward fraction number 7 and some sperm were found in fraction numbers 1-3. As shown in Fig. 1 , almost all the sperm ejaculated on the fifth day were immotile. On day 19 there was some recovery of the day 1 sperm-distribution profile and sperm motility of each fraction, but sperm frequency in fraction numbers 1-4 was still low (15%). On day 33, however, both of them were completely recovered. These results indicate that sperm motility and maturity were closely related to apparent density of sperm cells.
DISCUSSION
In the present study the qualitative changes of sperm were compared with the quantitative changes in apparent density of sperm during frequent ejaculation. Semen volume, sperm concentration, sperm motility, and FI were markedly reduced during frequent ejaculation, and after 28 days from the last ejaculation, they were all recovered to their initial levels. The high percentage of sperm motility on the third and fourth day was considered to be due to a rebound effect; on the other hand, the FI remained at a low level on these days.
The cytoplasmic droplet is a small remnant of the original cytoplasnia of the spermatid that remains with the spermatozoon after spermiation. It is generally recognized that cytoplasmic droplets are shed from sperm in the epididymis of many mammalian species [6, 121. Previously we found immature sperm (such as spermatids or sperm with cytoplasmic droplets, etc.) in rabbit ejaculates. After Percoll equilibrium sedimentation, such immature sperm with less motility were found in the fractions with low apparent densities, whereas mature sperm with good motility had higher apparent densities. In other words, analysis of sperm-distribution profiles in Percoll equilibrium sedimentation indicates that apparent density of rabbit sperm is related to sperm motility. Fraction No. FIGURE 2 Effect of frequent ejaculation on distribution profiles of rabbit sperm after equilibrium sedimentation in Percoll. Semen specimens were diluted twofold with the culture medium, and 0.5 ml of sperm suspension was layered on 9.0 ml of 70% Percoll and centrifuged at 30,000 g for 30 min with an angle roator (Type RP 65, Hitachi Ltd., Tokyo). To monitor density gradient, Color Density Marker Beads (Pharmacia Fine Chemicals, Uppsala, Sweden) were centrifuged simultaneously. The Percoll forms a continuous density gradient during centrifugation. After centrifugation, contents of tube were collected through a bottom pinhole into 20 fractions (0.5 ml/tube). Sperm distribution in density gradient was expressed as percentage recovery of sperm applied. Values are means 5 SD (n = 6).
On the fifth day sperm motility in all fractions was zero, although the motility before the centrifugation was approximately 10%. This phenomenon is considered to be due to a damaging effect on the sperm cells by centrifugation. Even in the normal ejaculate, sperm motility after the centrifugation in Percoll equilibrium sedimentation was reduced to approximately 80% of that before the centrifugation. Fractions with 70% or more motility changed from numbers 1-6 on the first day to numbers 1-4 on the third day, although the sperm distribution profiles were found to be similar. These findings suggest that sperm cells during a period of high frequent ejaculation tend to be damaged more easily by the centrifugation than those from normal ejaculates.
Recently, the isolation of spermatozoa from mammalian semen by centrifugation in density gradients of Percoll has been widely used [2, 4, 9, 111. In the present study, we have observed that sperm-distribution profiles in Percoll equilibrium sedimentation was changed remarkably during frequent ejaculation. Analysis of apparent density of sperm cells is a useful mean for examining semen samples from both qualitative and quantitative points of view. 
